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Table 3. Studies on the association between early antibiotic exposure and childhood asthma

Reference; number
and age of children

Study details; outcome (asthma/wheezing)

Comments/Authors” conclusions

Cross-sectional Studies (ISAAC questionnaires, Beasley, 2008; involved no adjustment for re

spiratory infections)

[1]
15,043; 5-7 and 9-11 years

Numbers of antibiotic courses during the first 3 years and of fever episodes during the first year of life asso-
ciated with asthma and current wheeze at school age; risk of asthma diagnosis increased with early
childhood infections

/ discussed various kinds of bias and were cautious to
conclude a causative role of antibiotics

[2] Antibiotics associated with history of asthma or wheeze, but not with current wheeze; stronger association / considered a possible causal relationship
456; 5-10 years with use in the first year of life
[3] Antibiotics during the first year of life weakly associated with asthma. Lower airway infections in early life | very weak association (OR1.7; CI 1.0-3.1) / conclu-

1,206; 6-7 years

were more prevalent in children who received antibiotics during first year of life; additional adjustment for
history of severe respiratory infections during the first two years of life (assessed by questions) yielded no
statistically significant interactions; hence adjustment eliminated from regression models

ded that antibiotics put those children at risk, who are
genetically predisposed to atopic immune responses.

[4]
2443, 5-7, 8-10, and 11-14
years

Antibiotics associated with wheezing and diagnosis of asthma; contained retrospective substudy including
132 patients, where parents remembered indication of antibiotic use; here, the OR for asthma with antibiotic
use in pulmonary indications was 14.6 (Cl 4.2-51.0), but not significant in non-pulmonary indications (2.4;
0.3-22.5), the ORs for wheezing were 9.7 (5.3-17.7) in pulmonary and 3.9 (1.8-8.4) non-pulmonary
indications.

The findings on association in non-pulmonary indica-
tions (asthma, loss; wheeze, weakening) suggest a
role for respiratory infections / considered reverse
causation the most likely possible explanation, but
did not exclude true causation

(5]
1,492; 6-7 years; 3,000; 13-
14 years

Antibiotics during the first year of life associated with wheeze; no association reported for age group 6-7
years; no association mentioned for the higher-age group

/ considered a possible causal relationship, but also
acknowledged possibility of various types of bias

[6] Antibiotics associated with current wheezing and asthma in the first year of life / considered a possible causal relationship

4,123; 6-7 years

[71, Antibiotics and episodes of fever associated with risk of asthma. / suggested an association with fever, antibiotics, and
26,400; 7 to 12 years acute gastroenteritis during infancy

[8] Antibiotics in the first year of life associated with ever wheezing / sceptical about validity of association

3,493; 6-7 years

[9] Antibiotics in the first year of life or later associated with diagnosis of asthma and current wheezing / considered a possible causal relationship

4,606 Steiner school, 2,024
reference children; 5-13

years
[10] Antibiotics during infancy associated with recent wheezing (last 12 months) weak association (OR 1.6, Cl 1.1-2.1) / data listed,
8,470; 6-7 and 13-14 years but not discussed

[11] Antibiotics in the previous 12 months associated with current wheezing (only in crude, not in adjusted OR) | no association in adjusted OR / no explicit discussion

1,757; mean age 4 year;




Reference; number
and age of children

Study details; outcome (asthma/wheezing)

Reference; number and age of Children

Still Cross-sectional Studies

[12] 3 Mexican cities found to share associations of antibiotics during the first year of life with wheezing ever / no special discussion
9,604; 6-7 years and during previous year, wheezing in the last year and asthma ever
[13] Age 6-7 years: Antibiotics associated with current asthma symptoms age 13-14 years: obviously no association / expressed

3,256; 6-7 years;
3,829; 13-14 years

concern about possible bias

[14]; Antibiotics in the first year of life associated with wheezing in the previous 12 months / considered a possible causal relationship

193,412; 6-7 years

[15] Antibiotics in the first year of life associated with ever asthma / considered a possible causal relationship

1,455; 6-7 years

[16] Antibiotics in the first year of life associated with current wheeze / considered a possible causal relationship

10,873 6-7 years

[17] No significant association of use of antibiotics in neonates Small number of cases; no statistical significance of

834; median age 12, range
7-23 years

association, only slight association in crude OR /
considered a possible contribution of antibiotics to
asthma in later life

[18] Antibiotics during infancy for >3 days and history of bronchiolitis before 2 years of age associated with / considered a possible causal relationship
4,554; mean age 9.5 years | wheezing within 12 months at school age
[19] Antibiotics in the first year of life strongly associated with transient early and persistent, weakly with late- / concluded that the association, fully or in part,

16,933; 6-7 years

onset wheezing (which further decreased upon more extensive adjustment); see Table 2 for paracetamol
outcomes

might be due to confounding.

[20]
2,170; 3-6 years

Antibiotics in the first year of life associated with asthma diagnosis; also associations with respiratory
infections and antipyretics (addressed as mostly paracetamol, no quantification); strong temporal association
with kindergarten entry

no adjustment reported; data consistent with confoun-
ding by indication / considered a possible causal
relationship, but also recall bias




Reference; number
and age of children

Study details

Outcome (asthma/wheezing)

Comments/Authors” conclusions

Case-control

Studies, Nested in a Birth Cohort Study

[21]
37 cases and 37 controls;
mean age 4.4 years

Data from a prospective birth cohort; antibiotic
exposure of children with recurrent wheeze and
never wheeze; health-related diary cards during
the first 3 years; review at 3 years and inclusion
into case-control study; cases defined by sensiti-
zation and > 3 reports of wheezy episodes; data
from primary care records including antibiotic
prescriptions and indications during first 3 years
of life

More cases than controls received antibiotics during
first three years of life; more cases than controls were
prescribed antibiotics for lower respiratory tract
infection during the first 3 years of life (not in the first

year)

Association weak (OR 1.47, Cl 1.01-2.13), low num-
ber of cases; reverse causation not excluded; studied
age group does not allow firm conclusions on asthma
/ concluded that early life exposure to broad-
spectrum antibiotics may be causative in expression
of wheeze

[22]

745 cases,833 controls
(stage 2); until age of up
to 10 years

Stage 1, 5,226 asthma cases, 104,520 controls;
stage 2, questionnaire on risk factors including
diagnosis of broncho-pulmonary disease

Antibiotics in the first year of life associated with asth-
ma at both stages; previous broncho-pulmonary disease
prior to index date showed strongest association with
childhood asthma

“broncho-pulmonary disease” not further detailed, no
mention of respiratory infections; 47 potential
confounders considered, but no reference to broncho-
pulmonary disease / discussed confounding by
indication, recall bias, and reverse causation bias as
possible confounders

Retrospective Birth Cohort Studies (Cases of interest identified after the incident)

[23]
29,238; until 2.9 years
(median) (range 0-11)

Administrative health data; extraction of incident
diagnoses of asthma and wheeze; infections and
prescriptions of antibiotics

Antibiotics associated with an increased risk of asthma;
small effects, that could be explained to a large extent
by consulting behaviour. Children with asthma more
likely to have early respiratory tract infections (OR not
adjusted).

heterogeneous age group, does not allow firm
conclusions on asthma / saw no consistent evidence
that antibiotics increase the risk of developing
disease; considered that the association might be
more in keeping with reverse than true causation.

[24]
746 adults, 19-46 years old

Parents of a representative birth cohort; antibiotic
prescriptions and their indications in the first 5
years of life were collected from contemporary
medical records and related to self-reports of
asthma

Antibiotics in the first 5 years of life associated with
later asthma; association was confined to lower respi-
ratory infections and not observed in non-respiratory
infections; no difference between antibiotic classes

single point survey, hence rather cross-sectional /
considered reverse causation bias as the most
plausible explanation




Reference; number
and age of children

Study details

Outcome (asthma/wheezing)

Comments/Authors” conclusions

Still Retrospective Birth Coh

ort Studies (Cases of interest identified after the incident)

[25]
13,116; until age of 7

Administrative health data; likelihood of asthma
at age 7 years according to antibiotic prescriptions
during first year of life

Antibiotics in the first year of life associated with asth-
ma at 7 years; adjustment for lower respiratory infec-
tions reduced the association, restriction to children in
an urban environment deleted it

Remaining association is weak (OR 1.05, Cl 1.02—
1.09); unexplained restriction to a rural environment,
confounding by indication remains a possibility /
concluded that early life antibiotics were a risk factor
for the development of asthma at age 7

[26]
211,192; until age of up to
4 years

Administrative health data on dispensed
prescriptions of antibiotics and asthma medication

Antibiotics associated with asthma medication; hazard
ratios for typical airway antibiotics much stronger than
for non-airway antibiotics; example first year: HR 2.27
(Cl2.17-2.37) vs. HR 1.04 (Cl 0.78-1.40); at younger
age, prescription of airway antibiotics more commonly
preceded that of asthma medications; the reverse se-
quence was identified for non-airway medications.

Studied age group does not allow firm conclusions on
asthma / concluded that association was caused by
reverse causation or confounding by indication due to
respiratory tract infections

Prospective Birth Cohort Studies (Cases of interest identified after recruitm

ent)

[27]

856; children from birth
cohort available for an
interview at age of 7 years

Three interviews (fourth day of life, home visit
fifth post-natal week, telephone interview at me-
dian age of 85 days); interview at 7 years
(expanded ISAAC questionnaire)

No association between antibiotic use in the first month
of life and childhood asthma

cross-sectional information at 7 years, but more reli-
able analysis due to earlier sequence of questionnai-
res including question about chest infections / no
association found

[28]

499 newborns with; 815
without risk factors; until
age of 7 years

Newborn infants with and without risk factors for
atopy, followed up at the age of 1, 3, 6, 12, and 18
months, and from then on at yearly intervals with-
in 3 months of the child's birthday up to the age of
7 years; interview topics included asthmatic sym-
ptoms/diseases and drug history; diary of child's
diseases; only antibiotic courses not related to the
treatment of lower respiratory tract infections
were included in statistical analysis

Repeated lower respiratory tract infections in the first 3
years of life associated with wheeze up to the age of 7
years; no association with antibiotics

/ found no effect of antibiotic treatment on asthma

[29]
448; until age of 5 years

Telephone questionnaire every 2 months, begin-
ning at 2 months until age of 2, followed by inter-
views every 6 months. Questions about child’s
use of antibiotics including indication every 2
months during first year of life; asthma at 5 years
defined by physician diagnosis plus > 1 episode

of wheezing in the past 12 months

Age 5 years: no association of asthma with antibiotics
in first year of life (crude and adjusted ORs); persistent
wheezing: crude OR for two or more courses of anti-
biotics, 1.9 (CI 0.9-3.9); OR adjusted for wheeze-
associated respiratory illnesses, 0.6 (Cl 0.2-1.5).

/ concluded that findings do not support association
between antibiotic use in the first year of life and
persistent wheezing or asthma at the age of 5




Reference; number
and age of children

Study details

Outcome (asthma/wheezing)

Comments/Authors” conclusions

Still Prospective Birth Cohort Studies (Cases of interest identified after recruitment)

[30]
4,408; until age of 5 years

Data derived from record systems for ambulatory
care, dispensed pharmacy prescriptions, hospitali-
zations/visits to emergency departments. Starting
at age 1 year, the presence of asthma (defined by
ambulatory visits or hospitalizations for asthma,
or by dispensing of typical asthma medications)
was assessed annually.

Association of antibiotics in the first year of life with
asthma persistent at age of 5 years; lost significance
after adjustment for lower respiratory infections at all
frequencies of antibiotic courses; e.g., > 5 courses,
crude OR 2.1, Cl 1.5-3.2; adjusted OR 1.0, C1 0.7-1.4

/ concluded that findings do not support association
between antibiotic use in early life and childhood
asthma, but rather that frequent antibiotic use in early
life is more common among asthmatic children.

[31]
642; until age of 8 years

Children seen annually until the age of 8 years.
Reported infections and prescribed antibiotics by
the age of 5 years were counted from physician
records, including details on type of infection and
indication of antibiotics; cross-sectional survey at
8 years on wheeze in the past 12 months using the
ISAAC questionnaire

Antibiotic prescriptions for respiratory infection: weak
associations with current wheeze in most age brackets;
prescriptions for non- respiratory infections showed
borderline associations in two age brackets only (0-5
years, OR 1.05, CI 1.00-1.10; 1-2 years, OR 1.18, CI
1.05-1.33), no association in age groups 0-1, 2-3, 3-4,
4-5 years

Discrepancy between respiratory and non-respiratory
infections supports a role for the former in current
wheeze / concluded there was no plausible causative
relationship with subsequent respiratory allergies in-
cluding wheeze

[32]
2,764; until age of 2 years

Questionnaires when infants were 3, 7, 12, and 24
months of age; questions including fever during
the first 6 months and use of antibiotics; wheeze
(7-, 12-, and 24-month questionnaires)

Association of antibiotics with recurrent wheeze; no
adjustment for airway infections

studied age group does not allow firm conclusions on
asthma; in a later overview, the same authors sugges-
ted confounding by indication (Kummeling and
Thijs, 2008) / mechanistically, the authors considered
use of antibiotics for viral infections with wheeze or
interference of antibiotics with the commensal upper
airway flora, paving the way for viral infections

[33]
526 (total study 871);
until age of 7 years

Data collected at birth, 12 months, 3.5 years (ques-
tion about current wheeze and use of antibiotics in
first year of life) and 7 years (wheeze).

Association of antibiotics with current wheeze at 7, not
3.5 years; same pattern for association with day care

no details on adjustment, no information on indica-
tion for antibiotics / concluded that data support anti-
biotics as a r isk factor, but also considered a role of
respiratory infections including confounding by
indication

[34]
16,682; until age of 12
months

Questionnaires: antibiotic treatment at neonatal
age and during the first year of life; wheezing at 6
and 12 months

Antibiotics in neonatal ward and during first year of
life associated with wheezing ever before 1 year (end
of observation period)

studied age group does not allow firm conclusions on
asthma; “wheezing ever” at 1 year is doubtful predic-
tor of later asthma; reverse causation bias unlikely
with neonate antibiotics; no adjustment for respirato-
ry infections, confounding by indication still possible
/ concluded that antibiotics in the neonatal period are
independent risk factors for wheezing




Reference; number
and age of children

Study details

Outcome (asthma/wheezing)

Comments/Authors” conclusions

Still Prospective Birth Cohort Studies (Cases of interest identified after recruitment)

[35]
108; until age of 5 years

Children at high genetic risk of atopy; daily dia-
ries from day of birth on respiratory symptoms
and medication use. Reporting symptoms promp-
ted home visit and fortnightly follow-up telepho-
ne calls until resolution; annual history of doctor-
diagnosed asthma and current wheeze was obtai-
ned by face-to-face interview.

Antibiotics in first year of life associated with doctor
diagnosis of asthma, crude OR 2.3 (Cl 1.2-4.5); OR
adjusted to typical confounders, 1.5 (CI 0.7-3.2)

/ concluded that the data did not indicate that using
antibiotics early in life led to asthma at 5 years.

[36] Children recruited through maternity clinics; Antibiotics associated with wheezing during the first No information on indication for antibiotics / conclu-

154; until age of 12 questionnaires mailed to parents when children year of life; also: increasing total concentration of ded from the lack of temporal associations that asso-

months reached ages of 3 weeks, and 6 and 12 months; faecal anaerobic bacteria associated with wheezing ciation between wheezing and antibiotics most likely
wheezing assessed using ISAAC questionnaire reflected reverse causation.

[37] Questionnaires at recruitment, and 3, 15, 24, 36 Antibiotics before 3 months of life associated with / suggested that the effect of antibiotics on respiratory

986; until age of 4 years

and 48 months of age; outcome measures from 15
months on; data on antibiotics collected at 3 and
15 months of age; inhaled medicines; presence/
absence of chest infections; partly modified
ISAAC questionnaires on wheeze and asthma;
current asthma = asthma plus wheeze and/or
inhaler use in the previous 12 months

asthma developing between birth and 15 months; crude
OR 2.32 (Cl 1.45-3.69); when adjusted for chest
infections, OR = 1.58 (CI 0.96-2.60); no effect of
antibiotics before 15 months on asthma developing
after 15 months and present between 3 and 4 years

disease may be due to confounding by chest
infections

[38]
251,817; until age of 2-9
years

Administrative health data; children exposed and
not exposed to antibiotics in first 12 months of
life recruited at 2 years and followed for up to 7
years; asthma diagnosis by hospital discharge for
asthma, ICD9-coded medical service claims or 2
prescription for known asthma medications

Antibiotics in the first year of life associated with
asthma

after excluding children with upper or lower respira-
tory infection the hazard ratio still showed a small
association between antibiotics and asthma (but cf.
Marra et al., 2011, below) / concluded that
antibiotics pose a small risk

[39]
773; until age of 4 years

ISAAC questionnaires to collect environmental
and health information including recurrent
wheeze and medication, at the age of 1 year and
then every 6 months until the age of 4 years

No positive association between antibiotics in first year
of life and recurrent wheeze

The association was described as negative, i.e. a
protective effect /




Reference; number
and age of children

Study details

Outcome (asthma/wheezing)

Comments/Authors” conclusions

Still Prospective Birth Cohort Studies (Cases of interest identified after recruitment)

[40]
3,306; until age of 8 years

Questions modified from ISAAC questionnaire;
at 1 year, infections and antibiotic use; at 4 and 8
years, wheeze and asthma (defined as > 3 whee-

zes or > 1 wheezing period with prescription for

inhaled glucocorticoids in the past 12 months)

Association with antibiotics in first year: asthma at 8
years, crude OR 1.3 (CI 1.0-1.8); after adjustment for
respiratory infections, OR 1.2 (Cl 0.9-1.6)

confounding by indication revealed; also: reverse
causation bias supported by subgroup analysis /
concluded that the association could at least partially
be explained by early respiratory infection.

[41]
1,401; until age of 6 years

Postpartum interview within 1 month of delivery;
interviews at the child’s sixth birthday (medical
history, asthma diagnosis and symptoms, and
medication use during the child’s lifetime)

Antibiotics in the first 6 months of life associated with
asthma at 6 years in children; no impact of lower
airway infection in first year of life; no association in
children with lower airway infection

recall bias possible (interview 6 years after birth); as
discussed by [42] lack of distinction between
persistent and late wheezers may still allow pro-
topathic bias / concluded that antibiotic use was
associated with asthma at 6 years of age, and that
protopathic bias was unlikely to account for the main
findings

[43]
424; until age of 5 years

Interviews on early illnesses and corresponding
medication use at 2 weeks, 1 month, and 2, 3, 4,
6, and 9 months. Questionnaires at age 1, 2, 3,
and 5 years on respiratory symptoms and diagno-
ses.

Antibiotics in the first 9 months of life associated with
asthma by age 5. When analyses were adjusted for the
number of illness visits in the first 9 months, the
asthma-antibiotics relation was no longer significant.

/ concluded that at least a major portion of the
association may be an artefact of the strong relation
of illness visits to a doctor to both antibiotic use and
risk for asthma diagnosis.

[44]
4,496; until age of 4.5
years

Questions at 6 and 12 months and 4.5 years of
age, modified from ISAAC questionnaire

Antibiotics in the first week associated with enhanced

risk of multiple-trigger and recurrent wheeze during the

last 12 months at age of 4.5 years

Broad spectrum antibiotics were considered, no
details; confounding by indication possible due to
lack of information on infectious diagnosis / conclu-
ded that broad-spectrum antibiotics increased the risk
of recurrent wheeze and multiple-trigger wheeze at
preschool age.

[45]
310; until age of 5 years

Interviews every three months in the first 24
months after birth and every 6 months later; in-
formation on medical diagnosis of asthma, respi-
ratory infections diagnosed by physician, and
wheezing; use of antibiotics collected at 4 and 5
years, including specific name

Antibiotics in early childhood associated with asthma
at age 5; when adjusted for respiratory infections, the
OR lost statistical significance; macrolide and cephalo-
sporin associations lost strength, but retained signifi-
cance; no association with penicillins, with or without
adjustment

/ considered that immuno-modulation might underlie
asthma promotion by (certain) antibiotics




Reference; number
and age of children

Study details

Outcome (asthma/wheezing)

Comments/Authors” conclusions

Still Prospective Birth Cohort Studies (Cases of interest identified after recruitment)

[46]

9,640; children with asthma
diagnosis; 96,496 children
with no asthma at 6 years

as Marra et al., (2009); five groups defined by
date of asthma diagnosis (2, 3, 4, 5 years and no
asthma at 6 years); exclusion of index dates of < 2
years

Lower respiratory tract infections and bronchitis more
frequently associated with antibiotics in the month be-
fore the index date of asthma diagnosis compared to
the 5 months before; the opposite was true of upper
respiratory tract infections, acute otitis media, lower
urinary tract infection, and skin/soft tissue infection;
dispensing rapidly decreased in the 6 months
afterwards

/ considered that antibiotics were used for asthmatic
wheeze (reverse causation) (based on the pattern of
use of antibiotics and the immediate reduction in
their use post-asthma diagnosis)




Table 4. Studies on the association between early paracetamol exposure and childhood asthma
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Reference; number
and age of children

Study details; outcome (asthma/wheezing)

Comments/Authors” conclusions

Cross-sectional Studies (ISAAC questionnaires, Beasley, 2008; involved no adjustment for re

spiratory infections)

[6] Paracetamol in the first year of life associated with asthma; recent use at least once per month associated / considered a possible causal relationship

4,123; 6-7 years with current wheezing and asthma

[8] Paracetamol in the first year of life associated with ever wheezing; frequent paracetamol in the last year / considered a possible causal relationship

3,493; 6-7 years increased the risk of wheezing

[9] Antipyretics in the first year of life associated with diagnosis of asthma; no association with later use very slight association (OR 1.23, ClI 1.01-1.51); stu-

4,606 Steiner school, 2,024
reference children; 5-13
years

died antipyretics, with no distinction between indivi-
dual drugs / favoured a causal relationship, which
might be less pronounced in Steiner school children

[47]
6,000; 6-7 and 13-14 years

Children 6-7 years old: weak association of paracetamol in first year of life with ever wheezing; children
13-14 years old: association of paracetamol at least once a month with ever wheezing and wheezing in the
last 12 months

where present, associations where borderline /
considered a possible causal relationship

[48]
3,033; 13-14 yrs

Paracetamol in the past 12 months associated with current asthma

/ considered a possible causal relationship

[10] 8,470; 6-7 and 13-14
years

Paracetamol more than once a month associated with recent wheezing (last 12 months)

/ considered reverse causation and regarded evidence
linking paracetamol use with asthma in children as
minimal

[49] Paracetamol in the past 12 months associated with current wheeze and ever-diagnosed asthma / considered a possible causal relationship

3,026; 13-14 years

[50] Frequent paracetamol associated with wheezing in the past 12 months / considered a possible causal relationship

3,089; 2-6 years

[51] Use of paracetamol in the first year and current use associated with risk of asthma symptoms relied on parents” recall of infant exposure after 6-7
205,487; 6-7 years years / considered a possible causal relationship
[11] Use of paracetamol in the previous 12 months associated with current wheezing / no explicit conclusion

1,757; mean age 4 years

[12] 3 Mexican cities found to share associations of wheezing ever with paracetamol during the first year of life / considered a possible causal relationship

9,604; 6-7 years and previous year; wheezing in the last year and asthma ever with paracetamol in the last year

[52]; Use of paracetamol in the previous 12 months associated with current wheeze and asthma ever association with asthma ever very slight (OR 1.16, ClI

17,683; age not indicated,
probably 13-14 years

1.00-1.35) / considered a possible causal relationship

10
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Reference; number
and age of children

Study details; outcome (asthma/wheezing)

Comments/Authors” conclusions

Still Cross-sectional Studies (ISAAC questionnaires*)

[13]
3,256, 6-7 years;
3,829, 13-14 years

Age 6-7 years: Use of paracetamol in the first year of life and the previous 12 months associated with
current wheezing; age 13-14 years: Use of paracetamol in the previous 12 months associated with current
wheezing

/ considered a possible causal relationship

[16] Paracetamol in the first year of life associated with current wheeze / considered a possible causal relationship

10,873; 6-7 years

[53] Paracetamol at least once per month in the past year associated with current wheezing / considered a possible causal relationship

8334; 13-14 years

[54] Recent use of paracetamol associated with an increased risk of current wheeze / considered a possible causal relationship

322,959; 13-14 years;

[19] Paracetamol in the first year of life strongly associated with transient early and persistent, weakly with late- | / concluded that the association might be, fully or in

16,933; 6-7 years

onset wheezing; the latter decreased upon more extensive adjustment (before adjustment, OR 1.18, CI 1.03-
1.36); after adjustment, OR 1.12, Cl 0.97-1.31); see table 1 for outcomes with antibiotics

part, due to confounding.

[20]
2,170; 3-6 years

Antipyretics (addressed as mostly paracetamol, no quantification) in the first year of life (not in the previous
year) associated with asthma diagnosis; also associations with antibiotics and respiratory infections; strong
temporal association with kindergarten entry

no adjustment reported; data consistent with confoun-
ding by indication / considered a possible causal
relationship, but also recall bias

[55]

> 10,000 each group (6-7
and 13-14 years); (see
comments)

In both age groups, paracetamol in the first year of life and paracetamol in the past 12 months associated
with current asthma and wheezing ever

/ considered a possible causal relationship

Further Cross-sectional Studies, Case-control Design

Study details Outcome (asthma/wheezing)

Comments/Authors” conclusions

[56] Association between paracetamol usage during Use of paracetamol between birth and 6 months of age, | small sample size / considered that part of the asso-
84 pairs of siblings; the first 6 months of life, and childhood asthma; and between 4 and 6 months of age associated with ciation might be due to reverse causation, confoun-
3-10 years asthma patients as cases, healthy siblings as non-allergic asthma (cases, 8/28; controls, 0/28); ding by indication and recall bias.
controls infection-related fever a more frequent indication in
cases (30 vs. 17%)
[57] 28 severe asthma cases and 147 non-severe Usual use of paracetamol for fever in the previous 12 no association in bivariate analysis; no adjustment for

175 asthmatic children;
2-16 years

asthmatic subjects were compared; questionnaires
about symptom components of the Global
Initiative for Asthma (primarily wheezing); risk
factors according to the ISAAC questionnaires;
diagnosis of current asthma by physician

months associated with severe asthma (not during first
year of life)

respiratory infections / considered a possible causal
relationship, but cautioned against recall bias and
reverse causation, that might especially distort the
paracetamol data

11
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Reference; number
and age of children

Study details

Outcome (asthma/wheezing)

Comments/Authors” conclusions

Prospective Birth Cohort Studies (Cases of interest identified after recruitm

ent)

[58]
620; until age of 7 years

Paracetamol use prospectively documented on 18
occasions from birth to 2 years of age, followed
until age of 7 years. Primary outcome, childhood
asthma (questionnaire at 6 and 7 years);
secondary outcome, infantile wheeze

Increasing frequency of paracetamol use weakly asso-
ciated with increased risk of childhood asthma. After
adjustment for frequency of respiratory infections, the
association of paracetamol with asthma disappeared.

/ concluded that paracetamol use for non-respiratory
causes was not associated with asthma

[59];
3,097; until age of 7 years

Neonates enrolled; during the first year of life,
parents used monthly diaries to record febrile
episodes; respiratory, gastrointestinal, or urinary
tract infections; and medication use, including
antipyretics, At the ages of 6, 12, 18, and 24
months and annually from 2 to 6 years of age,
parents were asked about a possible diagnosis of
an allergic disease by a physician since the last
follow-up.

Asthmatic children had more months with paracetamol
and more months of prescriptions for respiratory tract
infections, whereas the total number of febrile days or
paracetamol treatment courses because of gastroenteri-
tis or urinary tract infections did not differ between
asthmatic and non-asthmatic children; children with
asthma had 1.5 more febrile days and 1.27 more fe-
brile days during respiratory tract infections than non-
asthmatic children; similar trend in the number of
months during the first year of life, during which chil-
dren had at least one paracetamol course.

/ concluded that increased respiratory tract infection
morbidity, not paracetamol use during infancy was
associated with later development of asthma.

[60]
> 7,000; until age of 7.5
years

Questions at 6 months after birth about paracet-
amol use in the infant and at age of 7.5 years;

about wheezing and asthma in the past 12 months.

Current asthma recognized by mother’s report of
a doctor’s statement plus wheezing or asthma in
the past 12 months.

Infant paracetamol use associated with childhood asth-
ma was reduced by adjustment to borderline signifi-
cance (OR 1.11, CI 1.00-1.23); association only detec-
ted in children who had wheezed in infancy (asthma in
infancy wheezers, OR 1.44, Cl 1.13-1.83; non-whee-
zers, OR 1.03, Cl 0.92-1.16).

no adjustment for airway infections / considered as
the most likely explanation that infants with a whee-
zing tendency are more likely to be given paracet-
amol for viral respiratory infections with fever.
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Reference; number
and age of children

Study details

Outcome (asthma/wheezing)

Comments/Authors” conclusions

Still Prospective Birth Cohort Studies

[61]
757; until age of 3 years

Data collected from pregnancy to age 3; ques-
tionnaires about confounders at birth, 2 months,
first and third birthday; symptoms of respiratory
infection at 2 months and 1 year; about paracet-
amol in the last year, and (from ISAAC question-
naire) about wheeze-ever at age 1 and 3; incident
wheeze defined by wheezing being reported at 3
years only, not at 1 year

Paracetamol in first year of life associated with whee-
ze; use associated with symptoms of respiratory infec-
tions in the first year of life; adjustment slightly redu-
ced strength of association. Similar findings with
recent use of paracetamol at age 3.

studied age group does not allow firm conclusions on
asthma; reverse causation less likely as analysis was
restricted to incident wheezers; adjustment for respi-
ratory infections hinges on correct recall of symp-
toms, still leaving the possibility of confounding by
indication and recall bias / suggested that frequent
use of paracetamol early in life increases the risk of
new-onset wheeze

[62]
1,016; outcomes at 10
years

Follow-up from a larger study on paracetamol in
pregnancy; at 6 months, parents recorded all
health events, medication use and health care
contacts; infections including common airway
infections and other febrile conditions; outcomes
at 10 year follow-up (ISAAC questionnaire);
asthma diagnosis required two of three factors
(wheeze, doctor’s diagnosis, asthma medication)

Crude data: No association between paracetamol use
during the first 6 months and history of asthma or
current wheeze; adjusting for gender yielded an asso-
ciation in girls, but not boys; no association with
current wheeze/asthma, with and without adjustment

/ considered reverse causation a possibility because
of paracetamol’s association with history of, but not
with current asthma

[63]

505; until age of 15
months;

914; 5-6 years

Children from a prospective birth cohort study;
ISAAC questionnaires to determine paracetamol
exposure between birth and 15 months and
between 5 and 6 years; outcome data (reported
current asthma, reported wheeze) at 6 years;
adjustment for number of chest infections, but no
data on the indication for paracetamol

Outcome at 6 years: no associations between early pa-
racetamol use and asthma and wheeze; association
between paracetamol use between 5 and 6 years (> 10
times) and asthma and wheeze; for less frequent use (3-
10 times), association found for wheeze, not for asth-
ma; adjustment (in a subgroup) for chest infections
between 5 and 6 years weakened but did not dissipate
the association

questionnaires from unequal groups are presented
(full set at 5-6 years, a nested subset at 15 months);
adjustment for chest infections did not cover the
critical period of infancy and hence is not apt to
dismiss a role for confounding by indication / consi-
dered a possible causal relationship, but also con-
tributions by recall bias, reverse causation, and con-
founding by viral respiratory infections
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Reference; number
and age of children

Study details

Outcome (asthma/wheezing)

Comments/Authors” conclusions

Prospective Studies

[64]
27,065; < 2 years

Febrile children randomized to receive
paracetamol or ibuprofen (two dose levels);
mailed questionnaire about hospitalization under
a specific diagnosis during follow-up of 4 weeks

47% received antipyretic for respiratory infections;
hospitalization for bronchiolitis/asthma rare;
paracetamol = ibuprofen

very short study period; studied age group does not
allow firm conclusions on asthma / concluded that
antipyretic assignment was not associated with risk of
hospitalization for asthma/ bronchiolitis

[65]
1,879; median age 46
months

Children with febrile illness randomly assigned to
paracetamol or ibuprofen (two dose levels); after
4 weeks, identification of children with a recent
asthma history (hospitalizations, medical records,
discharge diagnoses). Asthma morbidity defined
by a report of hospitalization or outpatient visit
for asthma and restricted to children receiving
typical asthma medication.

hospitalization for asthma: paracetamol = ibuprofen;
outpatient visits for asthma: paracetamol > ibuprofen if
antipyretic treatment was for respiratory infections;
paracetamol = ibuprofen for other causes of fever

no placebo; very short study period; studied age
group does not allow firm conclusions on asthma; for
paracetamol to be an independent risk factor of
asthma, paracetamol > ibuprofen would be expected
with any cause of antipyretic treatment / concluded
that the observed difference might be attributable to
increased risk after paracetamol or a decrease after
ibuprofen
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